Introduction
Coffee (Coffea arabica L.) belongs to the Rubiaceae family, and is a popular beverage worldwide. During coffee processing, a residue or by-product (pulp, silver skin, and parchment) is generated. Ripe coffee fruits (cherries; Fig. 1A ) are harvested, and the skin and pulp are removed from the coffee beans (Fig. 1B, 1C ). Every 2 tons of coffee produces 1 ton of coffee pulp (CP), 1 leading to a serious environmental problem. Therefore, the development and added values of residual parts are of interest. Several studies have focused on developing and using the waste products for fermentation by cultivation of edible fungus, active ingredient extraction, animal feed, or compost [2] [3] [4] due to the presence of enriched nutrients, minerals, amino acids, polyphenol, and caffeine. 4, 5 Murthy and Naidu 6 suggested that CP, a red color, is a source of anthocyanins for potential applications as a natural food colorant. 2 Furthermore, hydroxycinnamic acids (chlorogenic, caffeic, and ferulic acid) found in CP have antioxidant properties. 4 It has been noted that antioxidants neutralize excess free radicals to prevent cells against free radical damage and to contribute to disease prevention. 7 In addition, CP has been revealed to have antimicrobial activity against bacteria such as Staphylococcus aureus, Enterococcus faecalis, Bacillus subtilis, Pseudomonas aeruginosa, and Escherichia coli, etc. [8] [9] [10] Previous studies revealed different compositions of coffee by-products, 6, 11 including CP, 12 in fresh and dehydrated conditions. 11 However, the nutrient composition may vary depending on the processing, preparation, and storage. Even though there have been reports on the composition and utilization of CP, and antioxidant properties of different parts of coffee, there are limited reports on the nutritional values and biochemical properties of CP by different processing preparations. The aim of this study was to determine the nutritional values, polyphenol contents, antioxidant activity, and antibacterial properties of CP, as well as to characterize the active ingredients by liquid chromatography-electrospray ionization-quadrupole-time-of-flight mass spectrometry (LC-ESI-Q-TOF-MS) in three different processing preparations. A preferred processing method might thus be illuminated and contribute to the development of CP as a food additive or preservative in the food industry.
Methods

Chemical and reagents
Standard D-(-)-quinic acid, L-(-)-malic acid, citric acid, chlorogenic acid, Folin-Ciocalteu's phenol reagent, 1,1-diphenyl-2-picrylhydrazyl (DPPH), 2,2 -azino-bis (3-ethylbenzothiazoline-6-sulfonic acid) diammonium salt (ABTS) were obtained from 
Plant materials
The pulp of C. arabica L. was obtained from Chao-Thai-Pukao Factory (Chiang Mai, Thailand), that collected samples from Baan Khun Lao, Wieng Pa Pao, and Chiang Rai, Thailand. The plant was taxonomically authenticated and a voucher specimen was deposited in the herbarium of the Faculty of Biology (NU herbarium), Naresuan University, Phitsanulok, Thailand.
Sample preparation
To prepare CP, ripe coffee cherries were harvested, washed (washing process), and coffee fruits were selected by removing the floating fruit (selecting process). The coffee bean was removed from the pulp using machine separates (removing process) as shown in Fig. 1C . Pulp was frozen at -20 • C (freezing process) and then dried using far-infrared rays, and blended using blender machine as shown in Fig. 1D (drying and blending process). In the present study, CP was prepared three different ways. CP extract 1 (CPE1) was prepared as follows: washing → removing → drying and blending; CPE2: washing → selecting → removing → drying and blending; CPE3: washing → selecting → removing → freezing → drying and blending. The dried CP powder resulting from each of these process preparations was extracted with hot water (92± 3 • C) for 2 minutes. The ratio of CP and hot water was 1:5. The filtered solution was further lyophilized to give three aqueous extracts labeled as CPE1, CPE2, and CPE3. The CP aqueous extracts were kept at -20 • C before use. For the chemical characterization, 2 mg/mL of each was dissolved in methanol and water [1:1 volume/volume (v/v)] and then further filtered through a 0.45-m nylon syringe filter prior to injection into the LC-MS system.
ESI-Q-TOF-MS conditions
A 6540 ultrahigh definition accurate mass Q-TOF (Agilent Technologies, Palo Alto, CA, USA) was converted into an Agilent 1260 infinity high performance liquid chromatography instrument (Agilent, Waldbonn, Germany) via an ESI interface. Analysis parameters were set using both negative and positive ion modes with spectra acquired over a mass range of m/z 100-1,000 amu. The ESI-MS condition parameters were 
Peak identification
Peak identification was performed by comparing the retention time, mass spectra, and fragmentation patterns with standard compounds, reported data, and a library search of the Mass Hunter METLIN metabolite database (Agilent Technologies).
Proximate analysis
Moisture, crude proteins, fat, fiber, and ash were analyzed using the Association of Official Analytical Chemists procedures. 13 The crude protein content (N × 6.25) of CP was estimated using the macro Kjeldahl method; the crude fat was determined by extraction using Soxhlet apparatus, and the ash content was analyzed by weight before and after incineration at 600 ± 15 • C for 24 hours.
Determination of total phenolic contents
The total phenolic content of the CPEs were assessed using the Folin-Ciocalteu procedure as modified by Kahkonen and coworkers. 14 Briefly, 200 L of crude extract solution was mixed with 1 mL of Folin-Ciocalteu reagent, and then 0.8 mL sodium carbonate (7.5%) was added. The mixture was incubated at room temperature for 30 minutes, and was measured at 750 nm using a spectrophotometer. The results were expressed as mg/L of gallic acid.
Determination of antioxidant activity
ABTS assay
The ABTS free radical cation scavenging activity was measured according to the method of Re et al 15 
Determination of antibacterial activity
Lyophilized CPE1 was chosen to determine antibacterial activity, as CPE1 produced the highest lyophilized dried weight using the agar well diffusion method. Briefly, the inoculums [10 7 colony forming units (CFU)/mL] were swabbed on MHA and followed by punching the agar with a 6-mm sterile cork borer. The sample, at a concentration of 300 mg/mL, was applied to each well. Gentamicin (Oxoid, Basingstoke, UK) and sterile distilled water was used as a positive control and negative control. The plates were incubated at 37 • C for 24 hours and the diameter (mm) of the inhibition zone was measured.
Determination of the minimum inhibitory concentration and minimal bactericidal concentration
Minimum inhibitory concentrations (MICs) were determined using a broth microdilution method recommended by the Clinical and Laboratory Standards Institute. 17 Twofold serial dilutions of the samples were carried out using MHB and then were added to a sterile 96-well plate (final concentration ranging from 0.59 mg/mL to 300 mg/mL). A bacterial suspension was subsequently added to obtain a final concentration at 5 × 10 5 CFU/mL. All plates were incubated at 37 • C for 24 hours and MIC was defined as the lowest concentration of CPE1 sample that inhibited the growth of bacteria. Next, the suspension in the well of MIC and higher concentrations were spotted on MHA and incubated. The lowest concentration that inhibited growth of bacteria was defined as the minimal bactericidal concentration.
Statistical analysis
Data are reported as means ± standard error. Data were analyzed by one-way analysis of variance and post hoc Duncan's multiple range test. Statistical significance was considered at a p value of < 0.05.
Results
In the present study, dried powder of three CPEs, prepared by different processes, was extracted with hot water (92 ± 3 • C) for 2 minutes and lyophilized. The percent yield of lyophilized dried weight of CPE1, CPE2, and CPE3 were 28.74%, 16.59%, and 13.89%, respectively. The preliminary chemical constituents in these samples were studied using thin layer chromatography with ethyl acetate:methanol:water (7.0:2.5:0.5 v/v/v) as a mobile phase. Similarities in band patterns for all extracts were found (data not shown). The identity of chemical constituents from the aqueous extracts was further investigated with high performance liquid chromatography LC-ESI-Q-TOF-MS.
Phytochemical characterization
The chromatographic profiling of three aqueous CPEs were studied and identified using LC-ESI-QTOF-MS. The total ion current (TIC) chromatograms were compared in both ESI positive mode and negative modes (Fig. 2) . The three extracts displayed similar chromatographic profiles; however, slightly different components were observed in two ranges-retention time (t R ) at 3-6 minutes and 10 minutes. The results revealed that CPE1 contained the highest number of chemical compounds and was used for compound identification. Twenty-nine compounds were detected and 20 compounds were tentatively identified and compared with the results of standard compounds, published data, and the pubic database. Table 1 provides a summary of the identified compounds, including retention times, ionization mode, measured mass, and MS/MS fragmentation ions. The compounds found in CP were proposed as sugar, small organic acid, alkaloid, hydroxycinnamic acid, fatty amide, and sterol.
Nutritional values of CP
The nutritional composition of the CPEs is shown in Table 2 . All CPEs contained moisture, ash, fat, and protein at ∼5.28-5.93%, 8.32-8.88%, 1.40-2.51%, and 7%, respectively. Additionally, caffeine was found in CPE1, CPE2, and CPE3 at 0.69%, 0.77%, and 0.68%, respectively.
Polyphenol contents and antioxidant activity
Total phenolic content (TPC) of the three CPEs are presented in Table 2 . CPE1 had the highest TPC. CPE1 and CPE2 were significantly different among groups. TPC extracts decreased in following order: CPE1 > CPE2 > CPE3, likely due to the different processing methods used. Based on the DPPH and ABTS radical scavenging assay, the antioxidant activity of the CPEs were confirmed with IC 50 values (the concentration required to inhibit radical formation by 50%). CPE1 showed a highly significant difference antioxidant activity with an IC 50 of 18 g/mL and 82 g/mL by ABTS and DPPH, respectively, compared with CPE2 and CPE3. Different antioxidant activities were observed depending on the assay.
Antibacterial activity
Because of the highest TPC and lyophilized dried yield of CPE1, it was chosen to subsequently determine the antibacterial activity using the agar well diffusion method. The results, zone of inhibition, revealed that the CPE1 showed inhibitory action against all tested bacteria as shown in Table 3 . The inhibition zone of CPE1 against gram-positive bacteria, S. aureus and S. epidermidis, was significantly more than against gram-negative bacteria, P. aeruginosa and E. Table 1 . CPE, coffee pulp extract.
Fig. 2 -Total ion current (TIC) chromatograms of 2 mg/mL coffee pulp CPE1-3. Monitored in (A) electrospray ionization (ESI) positive mode and (B) ESI negative mode. The peak numbers and compounds identification were summarized in
coli. The results of MIC were according to those obtained in the agar diffusion method. The concentration of CPE1 inhibiting the growth of gram-positive bacteria was lower than the concentration that inhibited gram-negative bacteria. Noticeably, CPE1 was effective against S. epidermidis and had the lowest MIC, only 4.69 mg/mL. Amounts in the range of 4.69-75 mg/mL of CPE1 had the potential to inhibit the growth of gram-positive and gram-negative bacteria (5 x 10 5 CFU/mL). The minimal bactericidal concentration results showed that CPE1, at a concentration of 300 mg/mL, was not antibacterial. CPE1 extract may act as a bacteriostatic agent only.
Discussion
This study explored the bioactivities and nutrient compositions of CPs in three different preparation processes. LC-ESI-Q-TOF-MS, liquid chromatography-electrospray ionization-quadrupole-time-of-flight mass spectrometry. Mean ± standard deviation. ABTS, 2,2'-azino-bis(3-ethylbenzothiazoline-6-sulphonic acid); CPE, coffee pulp extract; DPPH, 2,2-diphenyl-1-picrylhydrazyl. Peak 23), with the same molecular ion, were identified as the isomers, 3-caffeoylquinic acid and 4-caffeoylquinic acid, by comparing the fragmentation pattern with spectrometric characteristics previously reported in literature. 22, 23 A signal of dihydroxybenzoic acid; protocatechuic acid was detected and identified at t 
24
Peak 25, Peak 27, and Peak 28 were identified as sterol compounds, while Peak 26 was a fatty amide. As mentioned above, phenolic compounds such as hydroxycinnamic acid and derivatives, hydroxylbenzoic acids, were tentatively identified. Additionally, alkaloid compound, trigonelline, and caffeine, and some organic acids were identified in aqueous extract of CP. These results correspond to those previously reported. 25 In addition, CPEs showed powerful of nutrients and antioxidant activities. The moisture, ash, fat, and protein content of all CPEs possessed similar levels. The antioxidant results of ABTS+ were higher than the results of DPPH free radicals. The DPPH had a stable free radical 2,2-diphenyl-1-picrylhydrazyl reaction with H-donors, while ABTS + had poor selectivity in the reaction with H-atom donors. 26 Several studies report that CP contains antioxidant compounds. [4] [5] [6] Arellano-González and coworkers 4 reported CP contains hydroxycinnamic acids (chlorogenic, caffeic, and ferulic acid). These compounds donate a hydrogen atom to an oxidized molecule. In support of Arellano-González et al's 4 study, hydroxycinnamic acids-quinic acid, chlorogenic acid, and caffeic acid-were present in the CP in the present investigation. The results point to a relationship between antioxidant activities of CP and phenolic content. This study showed that CPE1 has the potential to be developed as a natural antioxidant supplement.
Moreover, CPE1 revealed antibacterial activity. Grampositive bacteria, S. aureus, and S. epidermidis, were more susceptible than gram-negative bacteria, P. aeruginosa and E. coli. The results correlate with the results of other reports. 9, 10 The efficiency of CPE1 against each bacteria was different because of many factors, such as the structure of the bacterial envelope and the active compounds of the extract. Normally, hydrophobic compounds (phenols and tannins) are difficult to uptake the outer membrane of gram-negative bacteria, which is composed of phospholipids. Our data indicated that gram-positive bacteria (particularly S. epidermidis) were susceptible to CPE1, which contains phenolic compounds, more than gram-negative bacteria. These results corresponded to the results of those previously reported. 9 TIC chromatograms of CPE1 illustrated quinic acid, malic acid, chlorogenic acid, and caffeine were the primary compounds present, which may indicate their effectiveness against the growth of microorganisms. A number of other reports suggest that phenolic acids, malic acid, tannin, caffeine, and hydroxycinnamic acid (particularly the hydroxyl groups on chlorogenic acid) are responsible for the antimicrobial activity. 27, 28 A possible mechanism is disruption of cell membrane permeability by these compounds. 27 Some studies suggested that caffeine and malanoidins respond to antibacterial activity against gram-negative bacteria. 8, 29, 30 Furthermore, some authors propose that melanoidins inhibit the growth of bacteria through metal chelating mechanisms. 31, 32 Consequently, crude extracts of CP, specifically CPE1, are effective as antibacterial agents due to the mixture of active compounds.
In conclusion, the nutritional value, polyphenol content, antioxidant activity, and chemical profiles of aqueous CPEs by LC-ESI-Q-TOF-MS-in three different processing preparations-were determined. CPE1 had the highest TPC and antioxidant activity. The antimicrobial activity of CPE1 was significant against many bacteria and showed that it is potential compound for further application. CPE1 is active against S. epidermidis and P. aeruginosa found as nosocomial pathogens. Inhibition of S. aureus and E. coli (responsible for food poisoning) indicated that CPE1 was also a promising extract to develop as a food additive or preservative for use in the food industry. For the comparison of chemical profiles, the three extracts showed slightly different nutrient compositions. Chlorogenic acid and caffeine were the most prominent in active aqueous extract (CPE1) and it contained numerous compounds, more than the others. Further purification and structure elucidation of marker compounds are still needed. Finally, the pulp preparation process is significant to its potency and potential viability. CP contains several ingredients which may have use in the food industry.
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